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Abstract 
Cage fish farming is an emerging  aquaculture technology in India. It is a 
low impact farming practice with high economic returns. ICAR-CMFRI in 
India had developed cost effective technologies for cage farming and 
popularised the technology through front line demonstrations in the marine 
and coastal waters in the country. We analysed the opportunities and 
constraints of coastal cage fish farming in Kerala state, in the south west 
coast of India. Economic indicators of selected farms revealed that cage 
farming is an economic viable technology in the coastal waters earning an 
average net profit of USD3,914 and internal rate of return (IRR) of 68%. 
Coastal water pollution, inadequate financial capital, climate change 
impacts, high feed cost and lack of insurance facilities were reported as the 
major constraints in cage fish farming. The study indicated that cage fish 
farming has great potential for augmenting fish production and coastal 
livelihoods and emphasized the need for stringent regulations for mitigating 
coastal water pollution, institutional linkages for financial inclusion and  
insurance facilities for upscaling the technology. 
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Introduction 
Cage fish farming technology was introduced in India by the Central Marine Fisheries 
Research Institute (ICAR-CMFRI), through development of hatchery technologies for high 
value finfishes, low cost cages and front line demonstrations in different maritime states. 
The successful front line demonstrations of open sea cage farming by the institute followed 
by development of  low cost cages suited for  the brackishwater areas led to its wide spread 
popularity among the coastal population. Kerala state located in the south west coast of 
India constitutes approximately 10 % of India’s total coastline. The state contributed an 
average marine fish production of 0.64 million t in 2018 which was 18% of the total marine 
fish production in the country (FRAD, CMFRI, 2019). However the marine capture fishery 
in the state is at a stagnant stage and mariculture or aquaculture activities are considered 
as viable options for augmenting fish production in the state. 
 Although cage fish farming was initiated in the brackishwater areas  of Kerala state 
through the interventions of some of the Non-Governmental Organisations(NGOs) from the 
beginning of the 21st century itself, it couldn’t make any noticeable progress among the 
fish farmers in the state. The technology adoption process gained momentum after the 
development and popularisation of cost effective cage farming technology by the CMFRI. 
Eventhough the state has made considerable headway in coastal cage farming,  upscaling 
of technology  towards substantial contribution to fish production in the state is constrained 
by several  factors. Identifying the opportunities and challenges   from the farmers 
perspective  will give impetus to the  technology diffusion through developing appropriate 
strategies for addressing the challenges and harnessing the opportunities. In this context 
an attempt has been made to analyse the constraints and opportunities based on the 
information gathered from the adopted farmers.  
 Since the economic indicators play a key role in investment decisions in any farming 
technology, the study focussed on assessing the prospects of the technology based on 
economic indicators and potential area suitable for cage farming. The economic viability of 
cage fish farming was analysed by Aswathy and Joseph (2019), Shinoj et al., (2017); Azazy 
et al.,(2012) Conte et al., (2008);  Das et al., (2009).  The constraints in cage fish farming 
was analysed using Garrett’s ranking technique.   
 
Materials and Methods 
The study was based on cross sectional analysis of 90 sample farmers who had adopted 
the cage fish farming technology in  the brackish water areas in Kerala state. The 
respondents comprised of individual owners, partnerships and self -help group members. 
Square shaped Galvanised iron(GI)  fish cages of dimensions 48m3(4x4x3m3) has been 
recommended by ICAR-CMFRI as the standard cages suited for the brackishwater areas in 
Kerala state. The economic viability of the adopted fish farms was analysed for assessing 
the potential for upsaling the technology for enhancing fish production, employment and 
income generation by utilising the potential area suitable for culture.  
 The economic and financial performance of cage farming was analysed using various 
indicators: 
 
• Net profit 
• Net Benefit-Earnings ratio 
• Net Present Value (NPV) 
• Internal Rate of Return (IRR) 
• Benefit-Cost Ratio (BCR).  
• Net profit = Gross revenue minus all costs including operational cost, depreciation 
and interest on fixed capital 
• Net Cash Flow (NCF)/Total Earnings (TE) ratio expresses the NCF or net benefit as 
a percentage of TE. A ratio of more than 10 % can be considered as good (Tietze 
et al., 2001). 
• The financial feasibility indicators such as  NPV, BCR and IRR were calcuated at an 
expected life of  5 years for the fish cages and 15% discount rate. 
• BCR is the ratio of present discounted benefits to the discounted cost.  
• BCR= {∑iBi/ (1+r)i}/ {∑iCi/1+r)i} 
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•  Where Bi is the total revenue earned at year i , Ci is the  total costs at year 
i, i is the expected duration of culture in years and r is the discount rate. 
• IRR of an investment is the discount rate at which the net present value of costs 
(negative cash flows) of the investment equals the net present value of the benefits 
(positive cash flows) of the investment.  
• NPV= ∑iBi/ (1+r)i-∑iCi/1+r)i=0 
•  Where NPV is the net present value and r is the internal rate of return. BCR 
and IRR were calculated at a discount rate of 15%. 
 
The constraints in cage fish farming were analyzed using Garrett’s ranking technique 
(Pandey and Dewan, 2006; Jimjel et al., 2015; Rahaman et al., 2015; Chidambaram et 
al., 2016; Virendra Kumar et al., 2017; Johnson et al., 2017). In this method, respondents 
were asked to rank the specific problems encountered in cage farming. The assigned rank 
was converted into a percentage position, which was subsequently transferred into the 
Garrett score. For each constraint, scores of individual respondents were added together 
and then divided by the total number of respondents. Thus, the mean score for each 
constraint has been ranked by arranging them in descending order. 
 
• Percentage position = 100(R ij -0.5) / N j 
o  Where 
o  R ij = Rank given for the ith item by j th individual. 
o  N j = Number of items ranked by the jth individual. 
 
Results 
The study was undertaken in the coastal water areas in Kerala to assess the prospects and 
constraints of cage farming technology. All the respondent farmers received partial 
financial assistance through the subsidy assistance scheme of the National Fisheries 
Development Board (NFDB) in India implemented through the ICAR-CMFRI project. The 
composite culture of seabass (Lates calcarifer) along with Pearl spot (Etroplus suratensis) 
was practiced by the adopted farmers. 
 
Socio-economic indicators of respondent farmers 
 Among the respondent farmers, 44% earned a secondary school certificate, 11% had 
post-secondary education level, and 34% had college-level education, which indicated the 
preference of the cage farming technology adoption among the educated population. The 
majority of the farmers (47%) had 1-2 years’ experience, while 13% of the farmers had 
no previous experience in cage farming. All the respondent farmers received technical 
assistance from ICAR-CMFRI. Concerning ownership of cage farms, 87% of the beneficiary 
farms were under single ownership, 9% under partnership and 4% under self-help 
groups(SHG) (Table 1). 
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Table 1 Socio-economic characteristics of the respondent farmers 
Particulars Category 
Education       
Category P UP HS HSS College Total  
No 4 5 40 10 31 90 
% 4.44 5.56 44.44 11.11 34.44 100 
Age            
Category <30 31-40 41-60 >61 Total   
No 27 36 24 3 90   
% 30 40.00 26.67 3.33 100.00   
Experience            
Category No experience 1-2 years 3-5 years 6-9 years >10 years Total  
No 12 42 23 10 3 90 
% 13.33 46.67 25.56 11.11 3.33 100 
Ownership 
of farms            
Category Single Partnership SHG Total     
No 78 8 4 90     
% 86.67 8.89 4.44 100     
1 P:Primary, UP:Upper primary, HS:High School, HSS:Higher secondary 
 
 
 
 
Figure 1 Coastal cage fish farming in Kerala 
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Table 2 Economic viability of selected farm units 
Economic indicators Amount 
 USD % 
Capital investment   
Cost of cage  and 
accessories 1248 
 
Annual Depreciation 250  
Interest on investment 150  
Annual fixed cost 400 (9.11) 
Seed cost 726 (16.53) 
Feed cost 2528 (57.56) 
Other costs 138 (3.14) 
Labour cost 600 (13.66) 
Total operating cost 3993 (90.92 
Total cost  4392 (100.00) 
Revenue 8306  
Net profit 3914  
Net benefit-earnings ratio 0.47  
NPV 6536  
BCR 1.38  
IRR 68%  
   
1The exchange rate used is 1USD= INR 70 
2Figues in Parenthesis indicate percentages to total 
cost 
 
 
Prospects of cage farming in the coastal waters in Kerala 
 Based on the economic indicators, small scale cage fish farming can be suggested as a 
profitable enterprise for upscaling in the coastal waters of Kerala for augmenting fish 
production and livelihoods. The state of Kerala has an estimated area of 46,128 ha of 
backwaters (Department of fisheries, GOK, 2019). If 10% of such potential areas are put 
into cage fish farming, the estimated production potential is 0.57 million tonnes of fish with 
an estimated production of 1 tonne of fish from a 48m3 cage. The employment generation 
potential is 0.15 million person-days with at least one person getting employment in 
feeding and maintenance of 4 cage units. 
 
Constraint analysis 
 Constraints in the adoption of cage farming were done using Garrett’s ranking 
technique. The major constraints reported by the farmers in the order of ranking were 
water pollution with a score of 55.53 followed by inadequate financial capital (54.67), 
climate change impacts (50.60), high feed cost (50.56) and lack of insurance facilities 
(50.00). 
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Table 3 Constraint analysis 
Constraints Garrett ranking 
 Score Rank 
Coastal water pollution 55.53 I 
Inadequate financial 
capital 54.67 II 
Climate change impacts 50.60 III 
High feed cost 50.56 IV 
Lack of insurance 
facilities 50.00 V 
Net damage by mussels 49.15 VI 
Poaching 46.31 VII 
Marketing issues 41.25 VIII 
Non-availability of quality 
seeds 38.50 IX 
Rats 35.00 X 
Cage  design 29.00 XI 
 
 
 Pollution in the coastal water areas received the highest score among the constraints 
reported by the respondent farmers. Industrial effluents, along with waste disposal in the 
water bodies, caused the mortality of fishes in cages. The farmers insisted implementation 
of stringent regulations by the local authorities for preventing coastal water pollution .  
 Even though all the respondents received partial subsidy assistance provided by 
National Fisheries Development(NFDB) through ICAR-CMFRI- project, inadequate financial 
capital was reported as the second major constraint affecting the adoption of cage fish 
farming by the farmers. The farmers required adequate financial capital for meeting the 
day to day farming expenses, including feed cost since the returns from cage farming was 
realized nearly seven months after stocking. The growing interest in the adoption of cage 
fish farming as an alternate livelihood option by the small scale fish farmers underscores 
the need for institutional credit for better diffusion of the technology .  
 High cost for fish feed was ranked as the 4th important constraint affecting cage 
farming. The majority of the farmers depended on trash fish from the capture fisheries 
sector for feed, and a decline in the catches resulted in price escalations and an increase 
in production costs. Development of low-cost alternate feeds is essential for large scale 
expansion of coastal cage farming and reducing the pressure on capture fisheries stocks .  
 The respondent farmers reported difficulties with respect to marketing or low price 
realization for the cage farmed fishes. Cage farmed fishes realized a premium price due to 
their superior quality and freshness. However, few of the farmers faced difficulties in 
marketing and received a lower price than expected. Poaching was also reported as a 
constraint by the farmers, which could be minimized through manual monitoring of cages 
or installation of cameras in cage sites. The marketing challenges could be addressed by 
improving the entrepreneurial capabilities of fishers through capacity building or promoting 
farmer producer companies (FPOs) of cage fish farmers for exploring better market 
opportunities. FPOs are profit-oriented business organizations by the farmers promoted in 
the farming sector of the country, which has the greater capability of the transformation 
of rural communities (Trebbin and Hassler, 2012). 
 The farmers purchased seeds from the government hatcheries as well as few 
commercial hatcheries in the country. However, low growth and mortality of fishes due to 
poor quality of seeds were reported by the farmers who purchased seeds through agents. 
The constraints with regard to seed supply could be resolved through the promotion of 
local hatcheries of finfishes and nursery cages through the public-private partnership model 
for ensuring the quality of seeds. 
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 Rodents caused damage to nets and escape of fishes in cages.  Rat traps put for the 
control of rodents will manage the rat menace to a certain extent. Few farmers in the 
respondent category reported that the present cage design had lower stability during 
excess water flow in the lakes and suggested for minor modification with an additional 
frame at the bottom for preventing the damage or loss of fishes during excess water flow 
in the lakes. 
Discussion 
The economic viability assessment of cagefish farming in the coastal waters revealed that 
cage fish farming has enormous potential for upscaling in the coastal waters of Kerala and 
enhancing the coastal livelihoods. Shinoj et al. (2017) and Aswathy and Joseph(2018) also 
pointed out the potential of cage fish farming for enhancing the farmers' income in India. 
 However, the constraints concerning cage fish farming reported by the farmers need 
to be seriously addressed for driving the technology towards more significant strides. De 
Silva and Phillips (2007), based on the review of cage farming in Asia, pointed out the 
increased dependency of cage-reared fish species upon fishery resources as feed inputs 
and trash fish as well as the availability of fingerlings as a significant challenge for cage 
fish farming in the in Asia. The study also suggested a better feed management strategy 
for increasing the efficacy of trash fish use, the use of pelleted feeds, and market incentives 
for farmers to adopt more environmentally sound feeding methods.  A study by Taabeah 
et al. (2010) on the constraints in cage farming in Ghana also revealed that lack of funds 
to purchase input such as feed in the long run as the significant constraints affecting 
aquaculture and suggested for subsidizing feed cost for small-holders. Assessment of 
opportunities and challenges of cage fish farming in Zambia by Oilver et al. (2019) 
indicated that lack of quality fish seed and feed were the significant challenges faced by 
the aquaculture production companies in Siavonga district. From the results of the study, 
it could be concluded that the lack of financial capital for meeting the operational expenses 
as one of the significant challenges for aquaculture expansion by the small-holders in 
developing countries. Useful policy guidelines are, therefore, essential for the financial 
inclusion of small-holder aquafarmers through institutional linkages or subsidized inputs 
for aquaculture expansion in developing countries .  
 Climate change is a threat to fisheries and aquaculture in many countries across the 
world. Flooding in the brackish water areas due to erratic monsoon resulted in the mortality 
of fishes and economic loss to cage farms of a few of the respondents. The infestation of 
invasive mussels was also reported as a constraint which reduces the economic returns of 
cage farms. Although the infestation of invasive mussel species was reported to be the 
result of the discharge of ballast water, climate change is also suspected as a  reason for 
the proliferation of invasive mussels in the coastal waters in the study area. The 
development of suitable adaptation strategies is essential for mitigating climate change 
impacts in cage fish farming .  
Soto et al. (2008) suggested the adoption of the ecosystem-based approach for mitigating 
the climate change impacts in Aquaculture. Proper site selection and aquaculture zoning, 
as well as fastening the fish cages to the bottom or a holding structure and submersible 
cages, were also suggested as adaptation measures to withstand the climate change 
impacts. 
 The provision for insurance facilities for small scale aquaculture business occupies a 
significant role in the climate change scenario. There is no provision for insurance coverage 
of cage farms at present, and the farmers felt it was necessary to introduce insurance 
facilities to cover the risks due to climate change and other natural calamities. The  
catastrophic disasters due to climate change reported in the state in the recent past 
underscore the need for the introduction of insurance facilities for large scale expansion of 
cage fish farming in the state. Shinoj et al., 2017 reported that the risk associated with 
mariculture activities is high in India, and institutional mechanisms to address risk and 
uncertainties in the marine fisheries/ mariculture sectors are inadequate. 
 
Conclusion 
The study revealed that cage fish farming in the coastal waters of Kerala is an economically 
viable option and can be promoted for improving the coastal livelihoods and augmenting 
fish production in the state. The significant constraints reported by the farmers comprising 
coastal water pollution, inadequate financial capital, climate change impacts, lack of quality 
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seeds, high feed cost, and difficulties in marketing need to be addressed on a priority basis 
for the widespread diffusion of the technology. Effective institutional linkages ensuring 
financial inclusion of the coastal population, stringent measures for mitigating coastal water 
pollution, the introduction of insurance facilities, and improving the entrepreneurial 
capabilities of farmers will undoubtedly give an impetus for the large scale 
commercialization of cage fish farming technology in the state. 
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